(4-6). One DraI CYP2E1 restriction fragment length poly-TX 77030, USA morphism (RFLP) located in intron 6 has been associated with 5 To whom correspondence should be addressed lung cancer in a Japanese case-control study (7). However, subsequent studies failed to implicate the CYP2E1 DraI RFLP Cytochrome P4502E1 (CYP2E1) is involved in the metabolic as a cancer risk factor in US whites or African Americans (8 developing lung cancer (10). Mexican American) identified in a molecular epidemioHsu (11) has hypothesized that, in addition to interindividual logical study of lung cancer. The CYP2E1 c1/c1 genotype variation in the capacity for carcinogen metabolic activation was found in 86.7% of Mexican American cases, 70.6% of or detoxification, there are also inter-individual differences in Mexican American controls, 89.1% of African American susceptibility to mutagen-induced chromatid breaks. Mutagen cases and 86.8% of African American controls. By multisensitivity is measured by an in vitro assay, that quantitates variate analysis, this genotype was found to be associated the number of bleomycin-induced chromatid breaks in shortwith a 14.0-fold increased risk of lung cancer in Mexican term peripheral lymphocyte cultures as a marker of cancer Americans but not in African Americans; a 9.9-fold susceptibility (12). We have demonstrated that mutagen sensiincreased risk of lung cancer in Mexican American former tivity is an independent risk factor for lung and upper aerodigessmokers, but not in non-smokers or current smokers; a tive tract cancers after controlling for the effects of tobacco
(4-6). One DraI CYP2E1 restriction fragment length poly-TX 77030, USA morphism (RFLP) located in intron 6 has been associated with 5 To whom correspondence should be addressed lung cancer in a Japanese case-control study (7) . However, subsequent studies failed to implicate the CYP2E1 DraI RFLP Cytochrome P4502E1 (CYP2E1) is involved in the metabolic as a cancer risk factor in US whites or African Americans (8) . activation of carcinogenic N-nitrosoamines. We therefore Two other linked polymorphisms detectable with RsaI and assessed the genotype frequencies of PstI or RsaI CYP2E1
PstI in the 5Ј-flanking region of this gene have also been restriction fragment length polymorphisms and another identified and have been shown to affect CYP2E1 transcription susceptibility marker, mutagen sensitivity, in 137 lung levels (9) . A Swedish study reported that individuals with the cancer cases (92 African American and 45 Mexican CYP2E1 RsaI or PstI c2 allele might be at lower risk for American) and 206 controls (114 African American and 92 developing lung cancer (10) . Mexican American) identified in a molecular epidemio- Hsu (11) has hypothesized that, in addition to interindividual logical study of lung cancer. The CYP2E1 c1/c1 genotype variation in the capacity for carcinogen metabolic activation was found in 86.7% of Mexican American cases, 70.6% of or detoxification, there are also inter-individual differences in Mexican American controls, 89.1% of African American susceptibility to mutagen-induced chromatid breaks. Mutagen cases and 86.8% of African American controls. By multisensitivity is measured by an in vitro assay, that quantitates variate analysis, this genotype was found to be associated the number of bleomycin-induced chromatid breaks in shortwith a 14.0-fold increased risk of lung cancer in Mexican term peripheral lymphocyte cultures as a marker of cancer Americans but not in African Americans; a 9.9-fold susceptibility (12) . We have demonstrated that mutagen sensiincreased risk of lung cancer in Mexican American former tivity is an independent risk factor for lung and upper aerodigessmokers, but not in non-smokers or current smokers; a tive tract cancers after controlling for the effects of tobacco 15-fold increased risk of lung cancer in Mexican American and alcohol (13) (14) (15) (16) . Seree et al. (17) found an increase in males, but not in females. Patients with the susceptible single strand breaks in smoke-treated mice that paralleled their genotype appeared to have developed cancer at an earlier high inducibility of CYP2E1. Therefore, it could be postulated age and with lower cigarette pack-year of exposure than that people who are mutagen sensitive and also have a did patients with the c1/c2 or c2/c2 genotypes. Stratified specific CYP2E1 genotype may have an even higher risk for analysis suggested a greater than multiplicative interaction lung cancer. between cigarette smoking and CYP2E1 c1/c1 genotype,
In this study, we examined whether the CYP2E1 PstI or although not statistically significant. The odds ratios (ORs)
RsaI genetic polymorphism was associated with lung cancer for the CYP2E1 c1/c1 genotype, cigarette smoking and both risk in a case-control study. We also assessed the interactive risk factors combined were 1.3, 6.7 and 16.3, respectively.
effects between the CYP2E1 polymorphism, mutagen sensiThe association between CYP2E1 c1/c1 genotype and packtivity and cigarette smoking on lung-cancer risk and tested the years of smoking followed the same pattern. The interaction hypothesis that cancer risk was higher in individuals with between mutagen sensitivity and CYP2E1 c1/c1 genotype specific high risk genotypes. was especially strong in former smokers (the ORs for the CYP2E1 c1/c1 genotype, mutagen sensitivity and both risk factors combined were 3.9, 5.4 and 23.0, respectively).
Materials and methods Therefore, the data suggest that individuals who lack a c2 Introduction previously untreated lung cancer identified by our collaborators at The University of Texas M.D.Anderson Cancer Center, and various county, There is an expanding body of information on the role of community and Veterans Administration hospitals in the Houston, Galveston, and San Antonio metropolitan areas. Ancestry was self-reported; Hispanics genetically determined metabolic enzyme polymorphisms in who were not of Mexican American ancestry were not eligible for inclusion. There were no sex, histological, age or stage restrictions. The controls were frequency-matched to the cases by age (Ϯ 5 years), sex, ethnicity (2:1 for *Abbreviations: CYP2E1, cytochrome P4502E1; RFLP, restriction fragment length polymorphism; PCR, polymerase chain reaction; OR, odds ratio; CI, Mexican Americans and 1:1 for African Americans) and residence (Houston/ Galveston or San Antonio). The control group was a convenience sample confidence interval. without banding. The number of breaks in 50 metaphases per sample was counted and expressed as the average number of breaks per cell. Only frank chromatid breaks or exchanges were recorded; chromatid gaps or attenuated regions were disregarded. The slides were coded and read without knowledge of the subjects' case or control status.
Statistical analysis
Pearsons χ 2 test or Fisher's exact test (when the expected number in any cell was Ͻ5) were used to compare the distribution of the CYP2E1 genotypes between cases and controls and among various histopathological types. All analyses were stratified by ethnicity. The odds ratio (OR), an estimate of relative risk for case-control studies, was calculated by the method of Woolf (20). For smoking status, a person who had smoked at least 100 cigarettes in his or her lifetime was regarded as a smoker. A former smoker was defined as one who had smoked cigarettes in the past but had stopped smoking at least 1 year before diagnosis (or 1 year before the study began, for the controls). Cumulative cigarette dose (pack-years) was calculated by the following formula: pack-years ϭ number of cigarettes smoked per dayϫyears smoked/20 cigarettes. Lighter and heavier smokers were categorized by the 75th percentile pack-year value among controls, i.e. less than 30 pack-years and ജ30 pack-years, which was also the approximate 25th percentile packyear for the cases. Hardy-Weinberg equilibrium was tested by a goodness-offit χ 2 test to compare the observed genotype frequencies within Mexican American and African American case and control groups to the expected genotype frequencies calculated from the observed allele frequencies. Stratified analysis was used to test for the interactions between CYP2E1 genotype, mutagen sensitivity, and smoking status or pack-years smoked. Logistic regression was conducted to estimate risks, which were adjusted for multiple factors by using STATA statistical software (21). were not statistically significant. There were no significant characteristics, recent and prior tobacco use, other lifestyle habits and family differences between cases and controls in terms of mean age history of cancer. At the completion of the interview, blood was drawn into heparinized tubes for cytogenetic and molecular genetic analyses.
for both ethnic groups. Predictably, the cases were significantly more likely to have ever smoked (95.6 versus 64.0% for African Mexican American cases exhibited the common allele and The cumulative consumption of cigarettes (pack-years) and age at diagnosis for lung cancer by CYP2E1 genotype are a Fisher's exact test P ϭ 0.007 compared with African American controls.
shown in Table III . The mean age of lung cancer cases with c1/c1 genotype (61.3 years) was younger than that of patients with the c1/c2 (64.6) and the c2/c2 (70.3 years) genotypes. genotypes are summarized in Table IV . The results are reported by using the combined genotypes c1/c2 and c2/c2 as the referent group because there were very few subjects in the of the control subjects. The ORs obtained from univariate and multivariate analyses, adjusted for age, sex, ethnicity and packc2/c2 subgroup. The overall risk associated with having the common genotype (c1/c1) was significantly elevated in years were 3.7 (95% CI ϭ 2.2, 6.2) and 2.9 (CI ϭ 1.5, 5.5), respectively. We performed stratified analysis to examine the Mexican Americans (OR 14.0, 95% CI ϭ 1.9, 101.5), but not in African Americans (OR 1.5, 95% CI ϭ 0.4, 5.5) ( Table V) .
interactions between CYP2E1 genotypes, and both cigarette smoking and mutagen sensitivity ( Table V) . The referent group Mexican American men exhibited an increased risk (OR 15.0, 95% CI ϭ 1.9, 120.9), but African Americans males (OR 2.0, were subjects with the rare alleles who had never smoked and were not mutagen sensitive. The OR for the CYP2E1 c1/c1 95% CI ϭ 0.4, 9.6) and women of either ethnicity did not. A significantly increased risk of lung cancer was noted for former genotype alone was 1.3 (CI ϭ 0.1, 11.0); for smoking alone, the OR was 6.7 (95% CI ϭ 0.8, 56.4). For individuals who smokers (OR 4.6, 95% CI ϭ 1.2, 17.4), but not for nonsmokers or current smokers (data not shown). Ethnic-specific smoked and had the susceptible CYP2E1 c1/c1 genotype, the OR was 16.3 (95% CI ϭ 2.1, 126.8). This combined OR risk estimates showed that the risk noted for former smokers was ascribable to a 9.9-fold increased risk in Mexican American suggests that the joint effect was greater than multiplicative. However, in the logistic model, the interaction term was not former smokers, but not African Americans.
Overall, 57.3% of the lung cancer cases were mutagen statistically significant, probably due to the small sample size, that also resulted in the wide CI. We next dichotomized the sensitive (defined as breaks/cell ജ 1.00) compared with 26.7% subjects by smoking status into two pack-year categories enzymes in the activation of N-nitrosodimethylamine, N-nitrosodiethylamine, and the tobacco-smoke-related nitrosamines 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone, 4-across species. CYP2E1 is slightly induced in liver by cigarette smoke, but its pulmonary expression is substantially more (methylnitrosamino)-1-(3-pyridyl)-1-butanol and N-nitrosonornicotine in human liver microsomes. They demonstrated inducible (6.8-fold) than that of CYP1A1 (2-fold). This suggests that CYP2E1, which is known to be expressed in human lung, that cytochrome P450 3A4, 2D6 and 2C are not extensively involved in the activation of these nitrosamines, but that may actively participate in pulmonary carcinogenesis induced by cigarette smoke (23). CYP2E1 and cytochrome P450 2A6 were the most important enzymes in catalysing the metabolic activation of nitrosamines.
The association between CYP2E1 PstI or RsaI genotypes and lung cancer susceptibility has been evaluated in Finnish, The function and structure of CYP2E1 are highly conserved US and Swedish populations, but the results are inconsistent at lower risk for lung cancer in Swedish populations (10) . A major reason for this discrepancy might be ethnic differences and remain controversial (24) . In this study, we showed a significant association between different CYP2E1 genotypes in allele frequencies. The data presented here also showed pronounced inter-ethnic differences in the CYP2E1 polymorphand lung cancer risk in Mexican Americans, but not in African Americans. Individuals homozygous for the common c1 ism. The c2 allele was more common among Mexican Americans than African Americans. The c2 allele frequency CYP2E1 allele had a much higher risk of lung cancer than those who were heterozygous or carried the rare homozygous in African Americans in our study was similar to that reported by Kato et al. We found that 29.4% of our Mexican American c2/c2 genotype. This association was only present in cigarette smokers. A study conducted by Yu et al. (18) showed that controls had the less frequent CYP2E1 genotype, compared with only 13.2% of African American controls. The common being homozygous for c1 significantly increased the risk of hepatocellular carcinoma in cigarette smokers (P ϭ 0.001), CYP2E1 genotype was a risk factor for lung cancer overall and in Mexican Americans, but not in African Americans. The but posed no increased risk for non-smokers. Habitual alcohol drinking modified that risk among those with the c1/c1 higher frequency of less frequent CYP2E1 genotypes in Mexican American might also be related to their lower genotype.
In our study, patients with the susceptible CYP2E1 genotype incidence of lung cancer. A negative finding in African Americans in our study might be due to power limitation, were diagnosed with lung cancer at earlier ages than individuals with the other genotypes. This finding is similar to data since allelic frequency in African American controls was lower than that in Mexican American controls. When we categorized reported for the susceptible CYP1A1 and p53 polymorphisms (25) (26) (27) . However, a much larger study with defined ethnic the subjects by sex, we found that the common CYP2E1 genotype was associated with an increased risk in men, but subgroups is required to substantiate the theory that the common CYP2E1 allele predisposes individuals to early-onset not in women. These findings further emphasize the importance of taking ethnic and gender differences into consideration lung cancer. It has been hypothesized that heavy exposure to the carcinogenic agents with which these genetic loci interact when discussing specific alleles as genetic markers for cancer. The results of our previous studies have revealed important may mimic genetic effects (28) . Genetic differences in risk tend to be smaller at high doses of carcinogens, when the ethnic differences in the genotype distributions of p53, Nacetyltransferase, glutathione-S-transferase µ and θ (25, 41, 42) . effect of the carcinogen may overpower any genetic predisposition (26) . Among our current smokers, both cases and controls
We have previously demonstrated that mutagen sensitivity was an independent risk factor for lung cancer. The study generally were heavy smokers, so the risk factor of smoking might significantly outweigh a lesser risk factor such as presented here suggested that there is a synergistic interaction between mutagen sensitivity and CYP2E1 c1/c1 genotype in CYP2E1 genotype, as has been reported in Japanese for CYP1A1 genotypes, smoking status and lung cancer risk (9) . lung cancer risk. Seree et al. (17) showed that inhalation of cigarette smoke greatly induced CYP2E1 (activity, protein, Data on polymorphisms of p53 and CYP1A1 genes showed that patients with susceptible genotypes were diagnosed with mRNA) expression. The CYP2E1 induction seemed to be paralleled by an increase in DNA single-strand breaks. This lung cancer at earlier ages and were lighter smokers than individuals with other genotypes.
phenomenon might be due in part to an increase in tobacco N-nitrosamine activation by CYP2E1 to form alkyl interAn expanding body of literature has demonstrated that host genetic factors, particularly genetic polymorphisms, can partly mediates. This induction could play a key role in smokingrelated cancer. Increased levels of DNA adducts, if unremoved explain ethnic differences in cancer incidence. Data from the SEER program for 1973-1981 reported age-adjusted lung (e.g. due to reduced cellular repair capacity) may increase the frequency of chromosomal aberrations and thus mutations in cancer incidence rates for Hispanics only 73% of those for non-Hispanic whites and 66% of those for blacks (29) . This critical genes. Stratified analysis suggested possible interaction between ethnic differential also exists in mortality comparisons (30). The patterns of cigarette smoking among African Americans CYP2E1 c1/c1 genotype and cigarette smoking. However, the interaction terms between CYP2E1 genotypes and both do not fully explain the ethnic risk differentials. More African Americans than whites smoke (31); however, survey data cigarette smoking and mutagen sensitivity were not statistically significant in the logistic model. When ethnic-specific analysis have also documented that African Americans smoke fewer cigarettes per day (32). In the United States as a whole, the was performed, similar interaction patterns were observed for African American and Mexican Americans. A larger study is proportions of Hispanic and of non-Hispanic white men who currently smoke are comparable (30.9 versus 30.7%, warranted to confirm this finding. It has been reported that the transcriptional activity of respectively), whereas the frequency among Hispanic versus non-Hispanic white women is lower (16.5 versus 25.8%) (33).
CYP2E1 is 10 times greater in HepG2 cells which have the c2/c2 genotype, than in c1/c1 cells (9) . This suggests that the Although they tend to be light smokers, Mexican Americans tend to favor cigarette brands with high tar and nicotine transcriptional activity of the c2 allele is greater than the activity of the c1 allele. Why c1/c1 homozygotes are more contents (34) . Therefore, cigarette smoking patterns may partially explain the differences, but ethnic differences in inherited susceptible to lung cancer is not known. There are few data on the relationship between CYP2E1 genotypes and phenotypes predisposition to tobacco carcinogenesis may also be important.
Ethnic difference in the contribution of the PstI or RsaI in humans. In the absence of environmental inducers, the constitutive expression of CYP2E1 may be relatively low. CYP2E1 polymorphism to lung cancer susceptibility has recently been examined in Finland, United States, Brazil, Substantial genetic variation exists in responsiveness to CYP2E1 induction and various agents may induce CYP2E1 Japan, and Sweden (8, 10, 24, (35) (36) (37) (38) (39) (40) . In Finnish, Brazilian, Japanese, and US populations the CYP2E1 polymorphism did through different mechanisms. The inducibility of CYP2E1 by cigarette smoking for individuals with different genotypes not show an association with lung cancer (8, 24, 38, 39) . On the other hand, individuals with the c2 allele were reported to be remains unknown. 
